For centuries, natural plant remedies (many of them obtained from herbs) have been used to treat disease and maintain health, especially in China. More than 3200 herbs and 300 minerals (and even animal extracts) are routinely applied to patients as a mixture or formula. Practitioners of traditional Chinese medicine believe that disease primarily arises from imbalances in the body. The therapeutic purpose of a Chinese doctor is therefore to bring the human body back into equilibrium.
Introduction
For centuries, natural plant remedies (many of them obtained from herbs) have been used to treat disease and maintain health, especially in China. More than 3200 herbs and 300 minerals (and even animal extracts) are routinely applied to patients as a mixture or formula. Practitioners of traditional Chinese medicine believe that disease primarily arises from imbalances in the body. The therapeutic purpose of a Chinese doctor is therefore to bring the human body back into equilibrium.
Herbal drugs are used with the goal of restoring this balance by nourishing the body, including the energy, qi (breath circulation), and spirit, to maintain health rather than to treat a particular disease or medical condition. This mindset reflects an emphasis on preventive medicine. Treatments undertaken with this goal are called Fu Zheng and are given as complementary therapy intended to reduce the side effects of conventional Western medical treatment. Chinese herbal medicine is independent of conventional Western concepts of medical diagnosis and treatment.
One aspect of Chinese medicine is to bolster resistance to disease by strengthening a person's immunity. Chinese herbs attempt to prevent and treat physiological imbalances, such as those caused by cancer and other diseases, with combinations of herbs, minerals, and plant extracts. Diseases that cannot be cured by modern medical treatments, such as diabetes and cancer, may be alleviated by traditional Chinese medicine.
2.
Angelica sinensis (dong quai) as a traditional Chinese medicine Dong quai, the root of Angelica sinensis, is the most popular herbal medicine in China, present in many formulas that have been used over thousands of years. It mainly treats gynecological conditions, menstrual disorders, anemia, coronary heart disease, carbuncles, and sores. Several extracts or single compounds from Angelica sinensis have been investigated for their potential to increase myocardial blood blow, reduce radiation damage, and improve kidney function [1e4]. Polysaccharides, its main components, demonstrably protect against gastrointestinal damage and hepatic injury [5e8]. Diverse components from Angelica sinensis may thus have myriad pharmacological activities.
Natural products, such as plants, microorganisms, and marine life, are abundant sources of anticancer drugs [9] . In Angelica sinensis, the major compounds are ferulic acid, ligustilide, brefeldin A, butylidenephthalide, and polysaccharides [10] . Ferulic acid and ligustilide serve as chemical markers to the assess quality of Angelica sinensis plants [10] . In another report, Z-ligustilide was studied for its potential cytotoxicity against two tumor types, L1210 and K562 [11] . Butylidenephthalide is used as a standard profile for identifying Ligusticum chuanxiong. Ferulic acid can inhibit platelet aggregation, whereas ligustilide has antiasthmatic activity [12, 13] .
Angelica sinensis has been used to relieve the side effects of radiation treatment on lung tissue. Other studies highlight the potential clinical application of Angelica sinensis extracts, e.g., to inhibit the progress of radiation-induced pulmonary fibrosis by downregulating tumor necrosis factor alpha (TNF-a) and transforming growth factor beta-1 [14e16].
3.
Angelica sinensis in anticancer studies
To test the antitumor effects of Angelica sinensis extracts, Cheng et al used bio-based assays with different human cancer cell lines [17] . Their study showed that AS-AC had a dose-dependent antiproliferative effect on human cancer cell lines derived from the lung (A549), brain (DBTRG-05MG), liver (J5), and colorectal tissue (HT29). Their results also demonstrated that the AS-C induced the arrest of human cancer cells and activated the mechanism of apoptosis. In human brain tumors, both AS-AC and AS-C significantly inhibited proliferation by 30e50%; both treatments also suppressed cathepsin B and vascular endothelial growth factor expression. In an animal study, AS-AC or AS-C alone suppressed tumor growth by 30% and 60%, respectively [18] . Further, AS-AC and AS-C were able to inhibit microvessel formation in tumors in nude mice [18] . In 1994, Choy and colleagues identified a low-molecularweight polysaccharide from the Angelica sinensis rhizome and proved its strong antitumor and immunostimulatory activities [19] . Additional polysaccharides have since been identified from Angelica sinensis: APS-1, APS-3a, APS-3b, and APS-3c [20, 21] . These display diverse structural features and antitumor activities: e.g., the backbone of APS-1 consists of (1,4)-a-D-glucopyranosyl residues, its branches being (1,6)-a-Dglucopyranosyl residues with a terminal b-L-arabinofuranose residue. Notably, APS-1 had antitumor effects in vitro, especially against human cervical cancer HeLa cells [20] . This antitumor activity coincided with a greater expression of mRNAs encoding interferon-gamma, interleukin-2, and interleukin-6 in splenocytes, as well as greater nitric oxide and TNF-gamma production in macrophages [21] .
Butylidenephthalide was recently identified as the active component of AS-AC [22] . Natural phthalide compounds such as butylidenephthalide are considered to be candidate antitumor agents [23, 24] . Indeed, butylidenephthalide has proven anticancer potential against colon cancer. As well as its antitumor effect, butylidenephthalide has demonstrated an ability to prevent benzo[a]pyrene-induced forestomach cancer in mice [25] .
Butylidenephthalide and other agents (senkyunolide A and Z-ligustilide) act synergistically to reduce tumor cell proliferation [26] . A synergistic antiproliferative effect is noted when butylidenephthalide is combined with the chemotherapeutic drug 1,3-bis(2-chloroethyl)-1-nitrosourea (carmustine or BCNU) [27] . This synergism is mediated by downregulation of the gene MGMT, which encodes the DNA repair enzyme O-6-methylguanine-DNA methyltransferase [27] .
Antitumor effects of AS-C in vitro and in vivo
Throughout its long record of use in traditional Chinese medicine, Angelica sinensis has exhibited many biological activities, e.g., immune system regulation, relief from menopausal symptoms, and improvement in myocardial blood flow [28e33] . Currently, few drugs treat malignant brain tumors, partly owing to the difficulty of producing drugs that cross the bloodebrain barrier.
Tsai et al [34] were the first to confirm that AS-C displayed strong activity against glioblastoma (GBM) in vitro and in vivo. In in vitro cytotoxic assays, AS-C exhibited efficacy against not only brain tumors, but also other tumor cells; normal fibroblast cells were resistant to AS-C in the same experiment. Importantly, there was no evidence of AS-C-induced cytotoxicity in either the liver or kidney after injection of 500 mg/kg AS-C (either intraperitoneally or subcutaneously). In that study, AS-C had better anticancer capacity than carmustine and proved less cytotoxic to normal cells than Taxol [34] .
In clinical studies, various antitumor drugs, such as temozolomide, only slightly extended survival time for patients with GBM [29,35e42] . In line with the in vitro cytotoxic results, AS-C had a correspondingly greater cytotoxic effect on GBM cells than on other tumor cells. In a subcutaneous tumor model, AS-C inhibited rat GBM tumor growth and extended survival, especially reducing the tumor volume of rat GBM in situ [34] , suggesting that AS-C crosses the bloodebrain barrier and inhibits GBM cell growth. As such, it inhibits GBM tumor growth and induces GBM tumor cell apoptosis, as demonstrated both in vitro and in vivo.
Further, human GBM cells may have a different metabolism than rat GBM cells, as a result possessing a distinct susceptibility to AS-C treatment. AS-C can also inhibit human GBM tumor growth in a subcutaneous tumor model [34] . These in vivo cytotoxicity studies suggest that AS-C should be further developed to yield effective and safe anti-GBM drugs.
5.
Butylidenephthalide: in vitro and in vivo antitumor effect of Angelica sinensis
The antitumor activity of AS-C against human GBM [34] made it critical to isolate the antitumor components from AS-C. The major ones were found to be BP (molecular weight 188.22 Dalton) and K2 (molecular weight 190.23 Dalton). Butylidenephthalide emerged as key anticancer component (>30% of crude AS-C) [22] . Our study shows that BP induces cell cycle arrest (at G0/G1) and apoptosis in GBM and hepatocellular carcinoma [22, 43, 44] . BP promotes apoptosis through both the p53-dependent and p53-independent pathways in vitro. In an in situ rat model of GBM, BP inhibited tumor growth while decreasing GBM volume, suggesting an anticancer potential [22, 43, 44] .
Studies from the Harn group indicate that Angelica sinensis suppresses telomerase activity [22, 43, 44] . BP may target telomerase to effect its dramatic antitumor activity both in vitro and in vivo. To test this hypothesis, we monitored its inhibition of telomerase activity in brain cancer cell lines DBTRG-05MG and GBM 8401. BP did indeed inhibit telomerase mRNA transcription and reduced telomerase protein expression in these cells, whereas the expression of the telomerase RNA component was not affected by BP treatment. Reduced telomerase expression emanated from transcriptional inhibition of human telomerase reverse transcriptase, with a consequent reduction in telomerase activity. Results suggest that BP inhibits GBM by downregulating both telomerase expression and activity [45] .
6.
Antitumor effects of BP in animal models of autologous GBM This activity has been probed in vivo in animal experiments. BP inhibited the growth of RG2, a spontaneous GBM tumor type in rat, whereas tumors continued to grow in the control group treated with the vehicle [22] . There was no significant intergroup variance in body weight [22] . The expression of Ki-67 apparently declined, indicating BP's antiproliferation activity in vivo. On the other hand, the level of the apoptotic marker cleaved caspase 3 increased after BP treatment, with a consequent apoptosis of tumor cells in vivo [22] .
Tsai and co-workers implanted RG2 tumors into rat brain and subsequently treated the animals with BP. Magnetic resonance imaging revealed a significant reduction in tumor size upon subcutaneous administration of BP (300 mg/kg/d) for 5 days [22] . This result is similar to those obtained with a subcutaneous RG2 tumor model, suggesting that BP exhibited equivalent potency across the bloodebrain barrier. Finally, on Day 19, the BP-treated group had a significantly higher survival rate (50%; 3/6) than the control group (16.7%; 1/6).
7.
Antitumor effect of BP in a nude mouse model of heterologous human GBM The antitumor effect of BP has been tested in a human GBM xenograft nude mouse model. After mice were grafted with human GBM, BP was administered subcutaneously in larger doses (70, 150, 300, 500, and 800 mg/kg) from Days 1 to 5. As noted in the RG2 experiments, tumor growth was significantly suppressed in all five dosage groups compared with the control group.
At 200 days post-treatment, survival rates were 16.7% (1/6), 33.3% (2/6), 50% (3/6), 80% (4/5) and 100% (6/6) for the respective BP dosage groups [22] . In the control group (vehicle only), the average tumor size was over 1000 mm 3 Finally, after 200 days, there were no changes in the specific histology of the hollow organs or in body weight, even in the highest dosage group (800 mg/kg BP for 5 consecutive days). This suggests that BP has no acute or subacute toxicity.
8.
Assessing target genes for BP using oligodeoxynucleotide-based microarrays
To investigate the gene(s) targeted by BP in malignant brain tumors, a BP-treated GBM cell line was subjected to RNA microarray analysis after 3 hours or 24 hours of treatment. Subsequently, western blotting and real-time polymerase chain reaction confirmed the microarray results compared with the vehicle group (the tumor cell line treated with only dimethyl sulfoxide). Interesting, among the 30,000 genes assessed, 422 were upregulated in response to BP (49 in 3 hours, and 373 in 24 hours).
Subsequent clustering analysis highlighted a particular family of receptor-encoding genes that included NOR-1, Nurr-1, and Nur77. The proteins encoded by these genes have a similar structure; because they are orphan receptors, however, their ligand(s) are unknown [46] . NOR-1, Nurr-1, and Nur77 are early response genes, and their encoded receptors can be induced by apoptotic stimuli, serum, growth factors, and ligand-binding [47e49]. Nur77, NOR-1, and Nurr-1 are reportedly related to tumor apoptosis and cell growth [50] .
Moreover, the mechanism of Nurr-77-mediated apoptosis in T-cells and several cancers has been extensively studied [46,47,51e53] . There are two proposed mechanisms for Nur77-mediated tumor cell apoptosis. First, upon translocation of Nur77 from the nucleus to the cytoplasm and mitochondria, as well as the conversion of Bcl-2 into its phosphorylated form, cytochrome c is released into the cytoplasm, which leads to tumor cell apoptosis. This mechanism has been reported in prostate cancer and other cancers [46, 51] .
Second, Nur77 can act as a transcription factor that binds the promoters of the apoptosis genes, e.g., those encoding 
BP-induced Nur77 nucleo-cytoplasmic translocation leads to tumor cell apoptosis
To determine the role of Nur77 in BP-induced cancer cell apoptosis, Lin and co-workers used a fluorescently labeled Nur77-specific antibody to trace the location of Nur77, reporting that Nur77 was translocated from nucleus to cytoplasm for 24 hours after BP treatment [44] . Nur77 translocation to cytoplasm was recently shown to be induced by activation of c-Jun N-terminal kinase or inhibition of AKt [16] .
In addition, the role of T-cells in thymocyte apoptosis and the protein kinase C activation pathway that results in Nur77 expression have also been confirmed [58] . Lin et al separated cytosolic and nuclear proteins and confirmed Nur77 translocation by western blotting. In addition, Nur77 translocation was able to trigger cytochrome C release into the cytoplasm, accompanied by activation of caspase 9 and then caspase 3, resulting in tumor cell apoptosis [44] . Importantly, when small interfering RNA (siRNA) targeting Nur77 mRNA was used to downregulate the Nur77 level in the presence of BP, BP-induced tumor apoptosis was reversed. In sum, BPinduced GBM apoptosis is mediated by a targeted overexpression of Nur77 and its subsequent translocation from nucleus to cytoplasm.
10.
BP suppresses telomerase activity, resulting in tumor senescence
The expression of the Nur77 siRNA in BP-treated cells restored their viability by only 40%, suggesting that BP has yet another target(s) besides Nur77 [44] . Because BP can suppress telomerase activity in a dose-dependent manner, it is reasonable to speculate that BP induces cell senescence by (in)directly inhibiting telomerase activity, resulting in tumor cell apoptosis. Since cell viability is a function of both proliferative capacity and apoptotic effects, BP-stimulated suppression of telomerase activity can induce cytostatic effects and thereby decrease cell viability. In our studies, transfection of a telomerase-encoding transgene and the subsequent restoration of telomerase activity increased the viability of BP-treated GBM cells by 90% when combined with Nur77 siRNA [44] . At present there exist two potential targets: Nur77, which mediates cytotoxicity, and telomerase, which promotes cytostatic state. These dual effects contribute almost equally to reducing brain tumor cell viability in the presence of BP.
In terms of the mechanism by which a telomerase gene is regulated, several transcription binding sites have been reported, including the Myc/Mad sites (E-boxes) [59] . Wu et al reported c-Myc binding to E-boxes and activating telomerase mRNA transcription in tumor cells [60] .
A binding site for transcription factor Sp1 is another vital motif present in the telomerase promoter. Kyo et al reported five binding sites for the transcription factor Sp1 in the telomerase core promoter region, indicating Sp1 as vital regulator of the telomerase gene [61] . Most tumor cells have high telomerase activity due to upregulation of Sp1 level. Kyo et al also report a marked decrease in telomerase activity after Sp1 mutation [61] .
Our western blot analysis showed no significant decrease in c-Myc level after BP treatment in GBM cells, whereas telomerase activity markedly decreased [44] . The electrophoretic mobility shift assay indicated, however, that Sp1 protein expression declined after BP treatment, with a concomitant drop in Sp1 binding activity at the telomerase promoter. The Sp1 regulatory element in the telomerase promoter may prove to be critical for telomerase transcription in BP-treated GBM cells [44] .
The absence of telomerase activity is associated with cell senescence and cell cycle proliferation. Our study showed BP has an antiproliferative effect and induces tumor cell senescence [45] . Cellular proliferation capacity can be restored, with concomitant resistance to senescence, after transfection and overexpression of telomerase e even in the presence of BP. This implicates BP-mediated inhibition of cell proliferation as a central factor in promoting cell senescence and subsequent apoptosis.
Immunohistochemical staining of X-gal, a senescence marker, indicated that BP not only increases cell age by decreasing telomerase activity, but also affects the expression of three major proteins involved in cell cycle regulation and senescence: p53, p21, and p16 [62] . On the other hand, senescence-associated markers p21 and p16 increased after BP treatment [45] . Future experiments must confirm the mechanisms underlying BP-induced tumor cell senescence.
11.
Conclusion and future perspectives
Current information suggests BP as potential treatment against brain tumors, with minimal toxicity. However, brain tumors are hard to treat, since any efficacious drug must cross the braineblood barrier. As such, the means by which this prospective drug could be delivered (including the possibility of local interstitial delivery) pos a formidable task. BP is oil-like and thus less water soluble owing to its hydrophobic character, another issue warranting resolution. Delivering it via nanoparticles or as prodrug may constitute a viable drug formulation. Because BP targets genes encoding Nur77 and human telomerase reverse transcriptase, we view it as a potential target drug for use against brain tumors, and therefore worth developing for clinical use.
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